Introduction
NMR spectroscopy is the study of the magnetic properties of nuclei and the relationships of those properties to nuclear structure of matter. One of the most common methods to detect the NMR signal is by a pulsed NMR experiment. In this technique, the NMR signal can be observed by an additional oscillating magnetic field that is perpendicular to the external static field. When the frequency of the oscillating field is adjusted to match the spinning nuclei, torque on the precessing angular moment of magnetization vector causes the angle of the vector to change with its static field. This transition, known as the NMR spectrum or relaxation time of nuclei, results in a net absorption of energy by protons, which can be detected electrically. Data received by this time domain phenomenon can provide much information on the chemical properties and contents of materials.
To implement the operation a portable NMR controller based on the TMS32OC30 digital signal processor (DSP) chip has been developed. The controller transmits a RF signal to a sample in a large homogeneous magnetic field, and the resonance absorption of the radio frequency signal is detected in real time. Based on a some prior knowledge of the desired signal, an adaptive line enhancer filter is used to suppress the unwanted signals. The ALE filter is a special form of adaptive noise canceller designed to restrain the interference component of input while passing the desired signal. It consists of an interconnected delay element and adaptive filter. The adaptive filter output is subtracted from the input signal to produce the estimation error, which can then be used to update the tap weights of the filter. Output of the adaptive filter is used to display the existence of known chemicals and their concentrations.
Theorv
The theory of NMR is complex and requires an extensive understanding of quantum mechanics. While the main focus of this paper is not to describe NMR theory, a modest explanation of the basic theory will be useful for understanding the hardware design.
Based om quantization theory, if nuclei are placed in an external magnetic field (Bo), they will eventually align with the direction of the field and exhibit a circular motion about the magnetic field (conventionally, the z axis). The frequency at which nuclei spin, called the Larmor frequency is directly proportional to the magnetic field where y is the gyromagnetic ratio defined as the moment divided by the angular momentum [2] . For example, the Larmor frequency of a proton in a magnetic field of 1 Tesla is equal to 42.577 MHz. Now consider applying an external magnetic field to a sample. Initially the nuclei are in state of randomness (Fig l) , but over a period of time the protons becomc: partially oriented in the direction of the field and attain some degree of alignment MZ.(magnetization vector). This development is known as Longitudinal relaxation time and forms an exponential curve with a time constant T, [l] . In a pulsed NMR experiment, an additional magnetic field B, is employed to a sample at its Larmor frequency causes the magnetization vector to rotate. For instance after a 90' pulse is applied (Fig. 2) , the magnetization vector MZ lies along the x axis. After t h s transition, M, begins to decay as the system comes back to equilibrium and to regrow along the z axis direction again.
During this process, the magnetization will induce a decaying sinusoidal voltage (free induction decay, FID) at the rate of exp(-t/T,) in a pickup coil in the x-y plane. As stated earlier, the ALE technique has been applied to analyze FIT) spectra. ALE operation (Fig. 3) can be briefly described as follows. A fixed delay A is inserted in the desired input, which is drawn directly from the primary input. The delay components, with sufficient length, cause a simple phase shift between desired the signal and the input signal. Based on the leastmean-square (LMS) algorithm, the adaptive filter uses error signal to form a transfer function so that the unwanted signals cancel each other at the summing where R = a@) = E(x(i)*x(i+k)) is the autocorrelation matrix and P is defined as a column vector with elements @(k+A). The mean square error can be shown by covariance matrix of the weight vector as [6] , [9] 
Design Considerations and {jlimulation Results
The underlying principles in construction of an NMR spectrometer are briefly desciibed below. The basis of any NMR system is the pulslt: controller that is used to rneasure the frequency of a nuclear resonance with sufficient accuracy.
In principle, NMR spectroscopy involves generaltion of two RF pulses. The architecture: in Fig. 4 shows this oper,ation. The system consist of four blocks of first-idfirst-out (FIFO) memory where the wave and phase information is stored. Memory blocks 1 and 2 are assigned to produce two pulses with sufficient delay. Parameters such as period, delay, and width of the pulse can be adjusted to be directly proportional to the frequency of the timer cllock TCLK on the TMS32OC30. 2-The external analog switch is enabled to transfer the NMR signal to the mixer.
3-
The DSP is triggered by an external interrupt pin. This permits the DSP to start collecting data and executes the &:E procedure that distinguishes the desired signal from the composite signal.
To start a new cycle, the C30 processor uses an external flag (XFl) to initialize FIFO memory. When XF1 is set to zero, the stack pointer is directed to the top of the stack and the clock drivers are enabled. When FID data are recorded by the DSP, the ALE routine is implemented to identify the desired signal. A computer simulation was carried out to demonstrate the detection of water in a composite spectra by applying the ALE procedure. Data ware collected from a series of off-line laboratory experiments. The FID spectrum of the input signal is shown in Fig 6 , and the final result is shown in Fig. 7 . It is clear that the system removed the unwanted background and kept the desired signal at 450 Hz.
Conclusions
In this paper, development of an on-line controller based on the TMS320C30 processor has been described for measuring of nuclear resonance using an adaptive line enhancer (ALE) method. This approach does not require an external reference signal for detection and observation of the desired signal. As shown in Fig. 7 , an ALE filter can also be used to detect a weak signal in the presence of strong components and background noise. such systems have a high potential for on-line monitoring applications and may contribute greatly to improved process control. The main objective of this work has been to improve the NMR technique for applicability with reasonable accuracy as an on-line method rather than as a laboratory standard.
